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NOTICE

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Govern-
ment procurement operation, the United States Government thereby incurs
no responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the
said drawings, specifications, or other data, is not to be regarded

by implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

This report has been reviewed by the information officer (OI) and is
releasable to the National Technical Information Service (NTIS). At
NTIS, it will be available to the general public, including foreign
nations.
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~Jwere conducted coincident with aircraft isochronal inspections.
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ASTFCATIS - |

The fuselage panel performed in an operational environment with
a minimum of problems as the only defects detected were some
small breaks in the interior paint finish over the skin-to-ring
frame sealed fillets. These small breaks were detected with the
ald of a pocket magnifier as they could not have been detected
by the naked eye. These small paint finish breaks were repaired
and recurrence or additional breaks were not detected in the

two subsejuent inspections. The Air Force will continue con-
ducting periodic inspections on the weldbonded fuselage panel.“t

At the time of the seventh inspection, October, 1977, the C-130
aircraft on which the weldbonded fuselage panel is instelled had
accumulated a total of 2296 flight hours.
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FOREWORD

This Final Technical Report was prepared by Lockheed-Georgia Company,
a Division of Lockheed Corporation, Marietta, Georgia, under contract
No. F33615-75-C-3010, entitled "C-130 Weldbonded Fuselage Panel Flight
Evaluation Prograﬁ". The report presents results of the contract
during the period from October 1974 through pgggmbg;_}9?7: The
contract work consisted of inspecting the weldbonded fuselage panel
installed on operational C-130 aircraft, Serial No. AF73-01592, co=-
incident with aircraft isochronal inspections. A total of seven
inspections were performed during which all of the inspections
included visual and ultrasonic inspection of the weldbonded joints.

Three of the seven inspections included radiographic inspection of a

portion of the spot-welds in the weldbonded fuselage panel.

Mr. C. L. Ramsey (AFFDL/FBS) was the Air Force Flight Dynamics
Laboratory Project Manager. M/Sgt. T. L. Dugger (LGMC/31Lth TAW),
Little Rock Air Force Base, was the C-130 Maintenance Cocntrol Office
Coordinator. Mr. E. R. Tanner was the 31hth TAW FMS/NDI Laboratory
Coordinator. All Little Rock Air Force Base personnel ably assisted
the Lockheed inspection teams in scheduling the inspecticns, arranging
for aircraft hangar space having necessary electrical outlets, prepara-
tion of the weldbonded fuselage panel fcr inspection, and making the
Nondestructive Inspection Laboratory facilities including scme in=-

spection ejuipment available in conducting the inspections.

iii




Mr. J. A. Kizer was the Lockheed-Georgia Compeny Prcgram Manager.

Major contributions in accomplishing the inspections were provided by
Messrs. D. H. Dysart, W. P. Lanier, R. J. Smith, W. H. Thompson, and
H. H. Woods of the Proficiency Development Labcratory in the Quality

Assurance Branch of the Lockheed-Jeorgia Company.

The Lockheed-Gecrgia Company report identificaticn for this AFFLL/

AFML Document is LG7TER0218.
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SUMMARY

Periodic visual, ultrssonic and radiographic inspections were
accomplished cn the weldbonded fuselage panel installed on C-130
aircraft, Serial No. AF73-01592. This fuselage panel was designed,
fabricated and in§talled on the C-130 aircraft under Air Force
Contract F33615-7£&C-1716. Since delivery of the aircraft in
October, 1974, the weldbonded fuselage panel was inspected con-
current with seven periodic aircraft inspections. During all

seven inspections, the adhesive bcndlines in the weldbonded joints

were ultrasonically inspected and the surface finishes were

visually inspected with a pocket magnifier (approximately 7X). Also,

during three of the seven inspections, the spot-welds in the

aftermost region of the weldbonded fuselage panel were radiographically

inspected. Radiographic and ultrasonic procedures developed under
Contract F33615-71-C-1716 were utilized in ccnducting the in-
spections. All insvections were conducted at the Little Rock Air
Force Base where the C-130 aircraft having the weldbonded fuselage
panel is assigned to the 31lLth Tactical Airlift Wing. Since
delivery of the C-130 aircraft, the weldbonded fuselage penel has
rerformed with 8 minimum of oroblems. The only minor problem that
arose was some small breaks in the interior paint finish that were
detected during the fifth inspection. These small breaks occurred
in the paint finish over the frame-to-cover skin joint fillets

and were detected with the aid of a seven-power pocket magnifier

viii
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as they could not have been detected by the naked eye. Air Force
maintenance personnel repaired the small finish breaks and no finish
breaks were detected in the subsequent inspections of the fuselage

panel.

In the early phase of the contract, a spare production fuselage panel
was procured and stored at the Lockheed-Georgia Company for re-
placement of the weldbonded fuselage panel if for any reason it was
necessary. As the weldbonded panel performed with nearly trouble
free service, the spare production fuselage panel was shipped to

Wright-Patterson Air Force Base as rejuired by the contract.

ix




g

SECTION I

INTRODUCTION AND BACKGROUND

This flight evaluation program was conducted on the weldbonded fuselage
panel installed in C-130 aireraft, Serial No. AF73-01592. The fuselage
panel was designed, fabricated and installed under an Air Force sponsored ?

program! The location of the weldbonded fuselage is shown in Figure 1.

As shown in Figure 1, the forward left-hand weldbonded fuselage panel, Dwg.
No. 3307701, extends from Fuselage Station 280.33 to Fuselage Station
387.0. The height of the weldbonded fuselage panel is 117 inches with the

upper end attached at the main cargo floor. The periphery of the weld-

bonded panel is attached to adjoining fuselage structure by standard
riveted splices. Also, the splice at Fuselage Station 337.0 is a
riveted splice. There are weldbonded Jjoints at fifteen (15) fuselage
stations, cargo tie-down support structure, intercostals, and re-

inforcement doubler plate. The weldbonded joints and the mechanical

splice at Fuselage Station 337.0 are shown in Figure 2. All weld-
bonded joints were fillet sealed with the corrosion inhibiting

P sealant, MIL-S-81733. The exterior surface of the weldbonded fuselage

panel is finished identically to the other exterior surfaces of the

aircraft. The interior surface of the weldbonded fuselage panel has

two different finish systems. The forward section of the panel

extending from Fuselage Station 280.33 to 337.0 is finished with a

one mil coat of PR-1432GP inhibited primer followed by a one mil coat

of MIL-C-8301G clear flexible polyurethane. The aft section of the

E' 1Groako, J. J. and Kizer, J. A,, "Weldbond Flight Component Design/Manu- |
facturing Program," 74-179/AFFDL-TR-106, December, 1974 g
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Figure 2 - Weldbonded Fuselage Panel




panel extending from fuselage station 337.0 to 387.0 is finished
with two coats of MIL-P-8585 zinc chromate primer. Installation of
the fuselage panel in the C-130 aircraft is described in Section XI
of Reference 1. Also, an in-service monitoring plan was prepared
during the course of development and it is included in Section XII

of Reference 1.

The principal objective of this program was to evaluate the per-
formance of the weldbonded joints in an operational environment. A

total of seven inspections were planned to be conducted concurrently

with aircraft isochronal inspections over the three-year period

subsequent to the delivery of the aircraft. Visual, ultrasonic, and

radiographic inspections were scheduled to be performed in which

visual and ultrasonic inspections were to be conducted in all seven
inspections, and radiographic inspections in three of the seven in-
spections. A baseline inspection including visual, ultrasonic, and
radiographic inspections was conducted prior to delivery of the air-

craft. During the baseline inspection, a total of fourteen (1k4)

defects were detected during the radiographic inspection of the weld-
bonded Jjoints upon ccmpleting fabrication of the fuselage panel, all of
which were internal cracks in the spot-weld nuggets. None of the defects
are in spot-welds that are adjacent to each other. No bondline defects
were detected in the ultrasonic inspection that exceeded specification
limits. The locations for the fourteen (14) defective spot-welds are

shown on Figure 3.
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SECTION II

PERIODIC INSPECTION PROCEDURES

The following inspection procedures were used in the C-130 weldbonded
fuselage panel inspections conducted under this contract. They are
also recommended to be used in future inspections. These procedures
encompass visual, ulctrasonic, and radiographic inspections of the

weldbonded Jjoints.

Prior tc conducting each inspection, the following items sre to be

accomplished.

1) Locate the C-130 aircraft in an area in which 110-115 volt,
60-cycle electrical power is available for operating the contact
ultrasonic and radiographic equipment. All electrical power in
the aircraft is to be turned off except those circuits rejuired
to illuminate the interior fuselage cabin in the vicinity of the

weldbonded panel instellation.

t 2) The exterior surface of the weldbonded fuselage panel is to be
washed to thoroughly clean the surface of all foreign materials,
such as dirt or grit, which may prevent intimate contact between
the ultrasonic transducer and the surface of the panel.
Standard detergents mixed in water solutions for washing the
exterior surfaces of the C-130 airplane may be used to clean the

exterior surface of the weldbonded fuselage panel.

3) The insulation blankets and trcop seat harnesses must be removed in

f the area of the weldbonded fuselage panel to make the interior




3)

4)

2.1

2.2

Cont'd

surface of the panel including Joints and splice fillets

accessible for inspection.

It is advisable to conduct radiographic inspections at night in
order to reduce possible radiographic exposure to the least

number of personnel in the area. All radiographic inspections
conducted in this program were accomplished during the evening
shift. During nondestructive inspections of the airplane, referral
for safety precautions is made to Section I of Technical Order

1C-130A-36 and Technical Order 33B-1-1.

Visual Inspections

Visual inspections are to be made over 100 percent of the exterior
and interior surfaces of the weldbonded fuselage panel including all
Joints, splices, fuselage skins, reinforcing doublers and cargo tie-
down brackets. Both interior and exterior surfaces of the weld-
bonded panel are to be inspected for cracks in the finish systems
and for evidence of corrosion. The interior surface is to be
inspected with the aid of a Bausch & Lomb pocket magnifier

(approximately 7X) or ejuivalent.

Contact Ultrasonic Inspections

Contact ultrasonic inspections are to be conducted using the

following procedures and equipment.




Ultrasonic Equipment:

(1) Reflectoscope, Sperry P/N UM-715 or ejuivalent.

(2) Trensducer, 5.0 mHz 0.250 inch diameter Type SFZ or
equivalent.

(3) Acoustic Couplant, tap water mixed with wetting agent

(4) Transducer Cable, 12-foot length, Microdot/UHF connector
or equivalent.

(5) Calibration Stendard, as illustrated in Figure 4.

Instrument Calibration/Settings: Calibration of the UMT715

Reflectoscope or ejuivalent may be accomplished for either

painted or unpainted, single and double bondlines using the

appropriate portion of the standard shcwn in Figure 4.

(1) Apply couplant on the designated Area 2 of the standard.

(2) Place the transducer on a known good juality secticn of Area 2.

(3) Adjust the Reflectoscope sweep to obtain a signal
occupying approximately 50 percent of the cathode ray
tube (CRT) screen. The signal of a guality bondline is as
shown on Figure 5.

(h) Place the transducer over known nearside and farside
disbonds in the appropriate zones of Area 2 of the
standard.

(5) Adjust the sweep delay/length controls of the Reflecto-
scope to move all signals off the CRT screen. A

representative signal of both types of disbonds is shown

on Figure 6.
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Figure U4 - Calibration Standard for In-Service Inspection of
C-130 Weldbonded Fuselage Panel




Figure 5 - CRT Signal of a Quality Bondline

Figure 6 - CRT Signal of all Types of Disbonds in Bondline
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B. Instrument Calibration/Settings: Cont‘'d
NOTE
Attenuation by sealant, paint finishes, material
differences, atc., may cause a difference in sensitivity
between the standard and assembly being inspected. This
difference shall be determined and compensated for prior
to inspection.

(6) In double bondlines, calibration for the nearer bondline
is accomplished using Area 2 of the standard. The calibra-
tion for the second bondline in double bondline joints is
accomplished using Area 3 of the standard in a manner

similar to that described above.

C. Inspection: After the surfaces of the weldbonded fuselage
component have been cleaned, the calibrated ultrasonic in-
spection equipment is used to inspect the bondlines in the
weldbonded Jjoints as follows:

(1) Apply couplent to the exterior surface of the weldbonded
Jjoint which corresponds with the calibration area on the
CRT screen.

(2) Scan the entire bonded area of the weldbonded joint, with
the exception of spot-welds, slowly moving the transducer
over the bonded area carefully noting the signal on the

CRT screen.

(3) Identify and record all suspected defects whose area is in

excess of 0.16 s,uare inches.




NOTE

If a suspected defect is detected that is in excess of 0.16
square inch in area, typical repair procedures2 are contained
in the aircraft logs. It is further noted that the fuselage
skin between Fuselage Stations 280.33 and 337.0 may not pro-
duce a ringing signal in areas outside the weldbonded joints
due to the inhibited primer plus clear polyurethane finish on
the interior surface and, therefore, cannot be used as a

calibration check for voids or disbonds in the bondlines.

2.3 Radiographic Inspections

Radiographic inspections are to be conducted using the
following procedures and ejuipment.
A. NDI Equipment:
(1) X-ray Machine, Portable, 4O-Degree Tube Head, Magnaflux-
Model MX-150KV or ejuivalent.
(2) X-ray film, Kodek Type M or equivalent
} B. Preparation of weldbonded panel: No special preparation
required.
C. X-ray machine settings: Set X-ray machine for radiographic
inspection of the spot-welds in the weldbonded joints in

accordance with settings in Table 1.

2"In-Service Monitoring Plan for the C-130 Weldbonded Fuselage Side Panel

(Revision 1)," Service Manual Publication No. 895, Lockheed-Georgia
Company, 1974

12
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TABLE 1 - RADIOGRAPHIC INSPECTION DATA

EXPOSURE FFD |TIME FILM

NUMBER KV MA | (inches)|(Sec) [ TYPE SIZE REMARKS

Area 1 65 5 T2 90 M 4L.5x17 | Applicable tc all
areas cutside of
ice shield

Area 2 65 5 72 120 M 4 .5x17 | Applicable t» area
beneath ice shield

NOTE: Slight adjustments may be necessary on gseveral of the
parameters in the above table to account for variations in

equipment,

13
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SECTION IIT
PERIODIC INSPECTIONS OF THE WELDBONDED

FUSELAGE PANEL

The C-130 weldbonded fuselaege panel was periodically inspected over

the period from October, 1974 to October, 1977. The C-130 aircraft
having the weldbonded fuselage panel was assigned to the 314th Tactical
Airlift Wing (TAW) based at Little Rock'Air Base, Arkansas, and all
seven (7) inspections were conducted at that base. A schedule of the
seven inspections that were accomplished is presented in Table 2. Also,
this table shows the types of inspections that were conducted. Prior
to beginning each inspection, the 31lth TAW personnel washed the
exterior surface of the weldbonded fuselage panel in readying it for
inspection by the Lockheed inspection team. Also, they removed the
insulation blankets and troop seat harnesses over the ares of the
weldbonded fuselage panel to provide accessibility for visual in-
spection of weldbonded joints and splices. After completion of each
inspection, 3lhkth TAW personnel reinstalled the insulation blankets

and troop seat harnesses.

The weldbonded fuselage panel was ultrasonically and visually in-
spected at each of the seven inspections applying the applicable
procedures described in Section 1I. The adhesive bondlines in the
weldbonded joints were contact ultrasonically inspected by carefully
scanning the exterior surfaces cf the Joints with the flaw detector
transducer noting the display on the flaw detector screen. All cf the

weldbonded joint bondlines were ultrasonically inspected except those

14
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beneath the ice protection shield which are inaccessible. Contact
ultrasonic techniques applied in accomplishing all field inspections
were identical to those used in the baseline inspection conducted
immediately before the delivery of the C-130 aircraft. The Magnaflux
PS702 Flaw Detector or the UM-T15 Reflectouscope with a 5 MHZ 0.250-inch
diameter transducer was calibrated with the aid of a calibration
standard as shown in Figure 4 prior to each ultrasonic inspection. After
calibrating the ultrasonic inspection ejuipment and wetting the exterior
surface areas of the weldbonded joints with an acoustic couplant, the
bondlines were scanned for voids and disbonds that exceed the specifica-
tion limits. The specification limits are published in Reference 1 and
are as follows:
(a) The maximum void in the bondline shall not have an ares greater
than 0.16 square inch.
(b) The maximum aggregate void content between any two adjacent
spot-weld nuggets shall be 0.16 square inch.
(¢) The maximum permissible void or disbond area within an assembly
shall not exceed 5 percent of the total bonded area within
the assembly.
(d) No voids shall be within 0.13 inch of any edge.
The seven (7) field ultrasonic inspections plus the baseline ultrasonic
inspection did not determine any defects that exceeded the specification

limits given above.

Both exterior and interior surfaces of the weldbonded fuselage panel

were visually inspected. The weldbonded joint and splice fillets were




visually inspected with the aid of a Bausch and Lomb pocket magnifier
(approximately 7X). The only breaks in the finish system were detected
during the fifth inspection. A total of fourteen (14) small breaks
were detected in the interior panel surface finish which occurred in the
paint finish over the frame-to-cover skin joint fillets. All of these
small breaks were detected with the aid of the pocket magnifier as they
could not have been detected by the naked eye. Air Force maintenance

personnel repaired the small finish breaks and no finish breaks were

detected in the subsejuent two inspections.

Radiographic inspections of the spot-welds in the aftermost regicn of the
weldbonded fuselage panel were conducted during the third, fifth and
seventh inspections. The spot-welds in the weldbonded splice at fuselage
station 377.0 and the Z-section ring frame-to-skin jcints at fuselage
stations 357.0. 363.67, 370.33, and 383.67 were radiographically
inspected during each of the three inspections. In addition, the fourteen
(14) spot-welds detected during the baseline inspection that had internal
cracks that exceeded specification limits were radiographically in-
spected during each of the three inspections for possible propagations.
Radiographic inspection procedures and equipment used in conducting each
of the three radiographic inspections were those described in Section II.
During the three radiographic inspections, no sdditional spot-weld
defects were detected and no propagations were revealed in any of the

fourteen (14) spot-weld defects detected in the baseline inspection.

At the time of the seventh inspection of the weldbonded fuselage panel,

the C-130 aircraft had accumulated a total of 2296 flight hours. The
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aircraft is continuing to be used in basic and proficiency training

as well as cargo missions.
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SECTION IV
PROCUREMENT, STORAGE AND SHIPMENT OF SPARE

PRODUCTION FUSELAGE PANEL

A spare standard, undrilled C-130 forward fuselage panel, Dwg. No
388005-29, was procured and stored for replacement of the weldbonded
fuselage panel if for any reason it became necessary. This spare
standard fuselage panel was procured from the fabricator, Scottish
Aviation Company, Ltd., from which all of the other production
fuselage panels are procured for C-130 airplanes. The spare standard

fuselage was delivered to the Lockheed-Georgia Company, Marietta,

Georgia, in May , 1975. It was packed in a specially-fabricated
wooden shipping crate for shipment of the panel by water and overland
transportation. The interior surfaces of the shipping crate are lined
with a waterproof, flexible caseline barrier material to prevent
moisture and humidity from coming in contact with the fuselage panel.

I The shipping crate contains severesl thick, contoured wooden members
that support the panel during shipment and storage. Thick felt padding
is attached to the contoured wocden members on which the fuselage

panel rests during shioment and storage. This padding orotects the

penel surface from abrasions to the finish and prevents damage from

| vibration shocks. Reinforeing 2-inch by L-inch wooden stiffening

members are attached to all extericr edges of the shipping crate ply-

wood panels to form a stiff, rugged container for transporting the

fuselage psnel. For hoisting purposes, two vairs of flat steel bars

having swivel-type pick-up rings on one end of each bar are bolted
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to the shipping crate. All joints of the shipping crate are sealed to

prevent attack on the fuselage panel by hostile environments.

Upon delivery of the spare standard fuselage at the Lockheed-Georgia
Company, it was stored in its shipping crate on the main floor of the
production assembly building. The exterior surfaces of the wooden
shipping container were inspected upon its arrival as the fuselage

panel was not removed from the shipping container.

A recommendation for disposition of the spare standard fuselage panel
was submitted in September, 1977, in accordance with contract rejuire-
ments. The weldbonded fuselage panel has performed with a minimum of
problems over the three-year period that it has been in operational
service. As the result, it is anticipated that the weldbonded fuselage
panel will not rejuire replacement in the foreseeable future.
Accordingly, it was recommended that the fuselage panel be shipped to
an Air Force base for storage and possible subsequent usage in the
event of accidental damage to an in-service aircraft. It is noted that
the spare standard fuselage panel is not of the same configuration as
those currently used in the C-130 production program and thus cannot be
used as a production asset. Thus, the crated spare standard panel

wvas shipped to AFFDL of the Wright-Patterson Air Force Base in

October, 1977, where it is stored.
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

The C-130 weldbonded fuselage panel has performed with a minimum of
problems over the three-year period subsejuent to delivery of the
aircraft. During the experience of being in an operational environ-
ment, the weldbonded fuselage panel has not received any special
treatment. The C-130 aircraft on which the weldbonded panel is in-
stalled has been and is continuing to be used in basic and prcficiency
training as well as performing cargo missions. In addition, the aircraft
has received foreign rotational assignments similar to other aircraft
in the user command. Thus, it is concluded that the weldbonded Jjoints
havesatisfied the overational reguirements up to the time of relesse
of this final report and it is anticipated that it will not rejuire

replacement in the foreseeable future.

It is recommended that the weldbonded fuselage panel inspections be
centinued upon completion of this program, although the inspections

need not be as frequent as in this program,

This recommendation is based on the satisfactory performance of the
weldbonded fuselage panel since it entered operational service.
Specifically, it is recommended that the spot-welds in the aftermost
section of the weldbonded fuselage panel be radiographically in=

spected coincident with each aircraft depot maintenance (PDM) inspection.
Furthermore, it is recommended that visual and ultrasonic inspectiuns be
conducted at every other aircraft isochronal inspection for the periocd

between the first and second PDM. After the second PDM, visual and
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ultrasonic inspections are recommended to be conducted at every third
aircraft isochronal inspection provided the weldbonded fuselage panel

continues to perform satisfactorily.
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